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Introduction
Climate change has been widely recognized as a major global issue as it threatens to alter the natural environment, disrupt the well-being of society, and deter economic development (UNDP 2010; OECD 2011a; Mitchell and Tanner 2006; USAID 2012) . Governments worldwide generally agree on the need to cut greenhouse gas (GHG) emissions over the coming decades and adapt to the impacts of climate change (e.g., UNFCCC 2009). Given the importance that governments place on economic growth and development, low emission development strategies (LEDS) are regarded as, "indispensable to sustainable development" (UNFCCC 2009). LEDS 2 are described as "forward-looking national development plans or strategies that encompass low-emission and/or climate-resilient economic growth" (Clapp et al. 2010) . For the purposes of this report, we consider LEDS-related activities to include efforts such as roadmaps, nationally appropriate mitigation actions (NAMAs), technology needs assessments (TNAs), and similar actions. Table B -1 compares some of the types of international instruments used to support low emission planning. Analysis of LEDS-related activities differs from the LEDS networks analysis. This report focuses on the latter.
Low emission planning processes consist of several stages 3 (EU-UNDP n.d.; Cox and Benioff 2011) , and they are characterized by a substantial degree of complexity and cost. For this reason, there is a clear need for high-quality knowledge, extensive information sharing, and bold decision-making; yet, the experiential base for LEDS is thin. Faced with these issues, a diverse group of LEDS stakeholders have recognized the need to form regional and international networks and knowledge platforms (generally shortened to networks in the remainder of this report).
In this report, we focus on these networks. To understand why they are useful in the context of LEDS, and how their functioning might be enhanced, we examine aspects of network theory. Then, we review LEDS networks, highlighting both their strengths and weaknesses. 4 Based on this review and the insights from theory, we identify several 5 opportunities that could foster the improved performance of LEDS networks and platforms.
2 LEDS has also been referred to as low carbon development strategies (LCDS), low carbon growth plans (LCGP) and climate resilient growth strategies (Clapp et al. 2010; Tilburg 2011) . Climate compatible development (CCD) is another term often used along with LEDS. CCD, however, encompasses both low emission development and climate resilient development. 3 The stages of LEDS vary by country and look different depending on national circumstances, readiness, purpose, and LEDS planning, for example. After the baseline analysis is conducted and projections are obtained, assessments regarding a country's energy and landscape resource availability and general market conditions are carried out. Future emissions scenarios and impact assessments are then developed, and are followed by policy and program design. Finally, plans are put into action by ensuring the necessary institutional infrastructure, catalyzing public and private sector investment and finance, as well as appropriate monitoring and evaluation of LED actions. 4 We review only a partial data set. CLEAN suggests that the selected list of LEDS networks is not exhaustive, and it explains the existence of several data limitations, including incomplete data, potential errors in categorizing activities, potential for unbalanced representation of low emission planning activities across sectors, and problems with consistency and currency of data, for example (Cox and Benioff 2011, Table 1 ). 5 Fully integrating insights from the network theory remains difficult. We suggest a few insights that could be implemented, and we point out that the development of in-depth recommendations may emerge only after a case-bycase inquiry into LEDS networks.
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Network Theory
Networks are regarded as crucial for creating knowledge, sharing information, and allowing different actions to co-exist in a harmonized environment (Marx and Soares 2011; Slaughter 2004; Martinez-Diaz and Woods 2009 ). Many perceive networks as a distinct form of governance, next to hierarchies and markets (Martinez-Diaz and Woods 2009; Podolny and Page 1998; Powell 1990; Börzel 2011; Torfing 2012; Scharpf 1993) . Networks may provide more efficient delivery of benefits compared to hierarchies and markets according to some academics and practitioners (Ostrom 1990; Sabel and Zeitling 2012; Gilardi and Radaelli 2012; Uzzi et al.2007; Wienges 2010) . Marx and Soares (2011) quantitatively analyzed the importance of networks for a country's development and revealed a strong positive correlation between its connectedness index and chosen policies and economy-related indicators. Although preliminary, this empirical exploration confirms the far-reaching benefits of effective networks in addressing policy issues and ensuring the delivery of public goods at all levels-local, regional, and international.
Several authors have emphasized the learning benefits of networks (Uzzi 1997; Hamel 1991; Powell 1990; Dore 1983) , as they preserve greater diversity of search engines than hierarchies do, and they convey richer, more complex information than the market does (Podolny and Page 1998; Kaneko and Imai 1987) . Networks can encourage learning by enhancing both the sharing of information (Podolny and Page 1998; Hamel 1991; Contractor and Lorange 1988; Root 1988; Kogut 1988 ) and the creation of new knowledge (Podolny and Page 1998; Powell and Brantley 1992) . Personal and professional contacts established through networks allow experts and policymakers to share ideas, experience, and approaches more easily, bolstering their confidence and reducing their perceived risk of change (Radka and Aoki 1997) .
The literature has also considered economic advantages of networks. While economists such as Williamson (1991) emphasize cost benefits of networks, laying out conditions under which networks lower transaction costs, sociologists stress advantages of quality 6 as the main economic benefit (Podolny and Page 1998; Uzzi 1997) . Sociologists also regard adaptability of networks to unanticipated changes as another important economic benefit (Powell 1990; Kanter 1991 ). An additional benefit of networks is its adaptability to environmental changes. Because networks foster greater communication than the markets and have organizational boundaries that are easier to adjust in the face of change than hierarchies, they facilitate greater coordination among stakeholders and provide a greater flexibility to organizational modifications than other governance forms to respond to those changes (Sorenson 1997) . In addition, some authors highlight the importance of networks in reducing intrinsic uncertainty and dealing with decisionmaking under bounded rationality (Haas and McCabe 2001; Ostrom 2001; Brousseau and Curien 2001; Pfeffer and Nowak 1976) .
Since networks have many advantages, as stated earlier, network literature has sought to determine factors that maximize the performance of these networks. A distinction is drawn between embedded and autonomous networks based on the characteristics and functions of networks (Marx and Soares 2011; Baker 1990; Lie 1997; Powell 1990; Uzzi 1996 Uzzi , 1997 .
Embedded networks are grounded in norms of trust and reciprocity, which increase as the duration of ties and diversity of relationships between actors increase, and as the size of the network is reduced (Uzzi and Gillespie 2002; Marx and Soares 2011) . Embedded networks are characterized by repetitiveness of interactions, joint problem solving arrangements, and low information asymmetries, as well as the ability to transmit large amounts of information, enable knowledge creation, and improve the quality of performance (Uzzi and Gillespie 2002; Perrow 2002) . For this reason, a network's "embeddedness" is particularly beneficial for quickening decision-making, adaptation, and coordination; reducing monitoring costs; and enhancing organizational learning (Uzzi 1996) . Despite the advantages embedded networks offer, the inverted U relationship between embeddedness and performance suggests that too much embeddedness reduces a network's performance (Marx and Soares 2011) . Essentially, an overly embedded network (i.e., one with too many strong ties and few weak ones) is an isolated "clique" (Uzzi 1996 (Uzzi , 1997 (Uzzi , 1999 Uzzi and Gillespie 2002; Granovetter 1973) , which precludes an extensive flow of new information.
Autonomous networks, on the other hand, are characterized by sporadic interactions between actors and disintegrated network structures, enabling access to non-redundant contacts to obtain novel information (Uzzi 1996 (Uzzi , 1997 (Uzzi , 1999 Burt 1992) . For this reason, autonomous networks allow for an extensive amount of new information to be processed (Marx and Soares 2011; Granovetter 1973; Burt 1992) . Research on inter-firm networks has found that having wideranging networks of relationships enhances the ability of firms to find valuable knowledge and increases their speed of learning (McEvily and Zaheer 1999; Reagans and McEvily 2003; Zahra et al. 2000) . However, unless these structures subsequently develop in certain ways, they may be unable to implement new ideas effectively (Mariotti and Delbridge 2011; Marx and Soares 2011) . A key problem in this respect is managing a large number of connections, a situation known as "network overload" (Steier and Greenwood 2000) .
Academics have attempted to integrate these differing perspectives and have concluded that a theoretical optimum may be found only through a sufficiently fluid and flexible embedded network, i.e., one with a mix of strong and weak ties (Uzzi 1996; Helper 1991; Marx and Soares 2011) . Much literature emphasizes the significance of clearly identifying members' common interests and the network's objective(s) (Wienges 2010; Nelson and Farrington 1994; Plucknett 1990; Bernard 1996; Ashman 2003) . The different types of activities that networks seek to enhance raise demands for different types of organizational structures and levels of formalization of the network. A given organizational structure will allow the network to pursue certain activities more effectively than others. For example, a network will not likely have a loose and informal structure at the same time as it prioritizes fundraising, advocacy or lobbying activities (UNSO 2000) . On the other hand, a centralized and highly formalized network will probably not effectively encourage mutual learning or information-sharing activities (UNSO 2000).
The literature seems to offer no definite superior solution regarding the "optimal" composition of any network. It is often suggested that a heterogeneous group enables more beneficial interaction among members (Stübing et al. 2004; Marsden 1987) because the network encompasses a larger variety of perceptions and ideas than it would if it were drawn from members with a common origin (Rodan and Galunic 2004) . Others have emphasized the enhanced innovation aspects of heterogeneous networks (Wiesenthal 1995) , while still others have stressed that more homogeneous groups involve greater levels of trust, and that "tighter" networks are thus faster in 4 This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
implementing new ideas (Powell 1990; Hess 2007) . Because heterogeneity of ideas is desired in several situations, academics have sought factors that can enhance the work of heterogeneous networks. Reinicke et al. (2000) reveal that a key to success of these networks lies in the complementarity of resources that participants bring to the fore. Reinicke et al. (2000) suggest that a successful (global public policy) network combines the energy and legitimacy of civilsociety groups; the financial "muscle" and interest of businesses; and the enforcement, rulemaking power, coordination, and capacity building skills of states and international organizations.
Review of LEDS Networks and Platforms
In this section, we consider existing networks and collaborative initiatives, and their impact on low emission development planning within the context of network theory. In reviewing and mapping existing LEDS networks and knowledge platforms, 7 we consider the multitude of networks as a part of one "ecosystem" whose primary goal is to assist in creating and implementing LEDS. Within this framework, we identify strengths and weaknesses, drawing on the findings of the study performed by the Coordinated Low Emission Assistance Network (CLEAN 2011a) and results from a mapping activity performed in March 2012 (LEDS Global Partnership 2012) . CLEAN (2011b) shows the existence of a broad array of networks and platforms supporting low emission and climate-compatible development planning (Appendix A). Most of these networks were created recently. The majority of LEDS networks and platforms-e.g., the International Renewable Energy Agency (IRENA), CLEAN, the Climate and Development Knowledge Network (CDKN), and the Global Green Growth Institute (GGGI)-operate at a global level. Other networks-e.g., Institute of Global Environment and Society (IGES) and the Energy, Environment and Development Network for Africa (AFREPREN)-have a regional focus, which has led to the emergence of regional clusters of LEDS support in Latin America, West Africa, Southern Africa, and Southeast Asia. Evidence suggests that at least 80 countries have been working on LEDS related activities and that more than 73 international programs support these efforts (LEDS GP 2012). Certain countries 8 have a considerable number of LEDS support activities underway that can be strengthened through efficient donor coordination. Preparing and implementing LEDS requires significant financial resources 9 (Clapp et al. 2010) . The fact that during the last three years the number of donor-supported LEDS activities at the regional and national level reached 257 10 (LEDS GP 2012) , implies that LEDS networks have better means to reach their goals.
Despite the worldwide proliferation of LEDS networks, certain regions (e.g., Central Africa, Middle East, and Central Asia) still have few networks. The Middle East, however, has seen continued rapid growth of GHG emissions, and it is the region with the highest levels of emissions per GDP (IEA 2011). Central Africa 11 is particularly vulnerable to climate variability because of its limited economic development and constrained capacity to adapt and protect itself from the impacts of climate change (The Global Mechanism 2009; Boko et al. 2007 ). In Central Asia, 12 where almost half of the population lives in poverty and lacks access to sufficient natural resources to sustain their livelihoods, global climate change poses serious threats (Perelet 2007) . Hence, more LEDS networks that focus on these regions are likely needed.
LEDS networks and platforms focused on the energy sector networks show a significant presence worldwide because the energy sector accounts for about two-thirds of total GHG emissions 13 (IEA 2011; Blodget and Parker 2010; Rogner et al. 2007) , thus a strong focus on energy-related issues within climate change considerations is warranted (Bazilian et al. 2010 Crosscutting networks and knowledge platforms are also widely diffused. Some analysts (Venema and Cisse 2004; Goklany 2007 ) have recognized potential for creating synergies between adaptation and mitigation (Klein et al. 2007) , which explains the proliferation of crosscutting networks. This trend is welcomed by many developing countries, which during the 2012 and 2013 LEDS Global Partnership annual global and regional workshops, noted the need to create stronger connections between adaptation and mitigation activities, as well as the need to place development priorities first (LEDS Collaboration in Action Workshop Report 2012). When looking at the specific subtopics addressed by these networks, it may be observed that mitigation 11 The Central Africa sub-region consists of Burundi, Cameroon, Central African Republic, Chad, Congo, Democratic Republic of Congo, Equatorial Guinea, Gabon, Rwanda, and Sao Tome and Principe (The Global Mechanism 2009). 12 Central Asia encompasses Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan (UNDP 2007). 13 In 2009, electricity and heat generation along with transport produced nearly two-thirds of global CO2 emissions (IEA 2011). In 2005, the energy sector accounted for almost 70% of total GHG emissions (Blodget and Parker 2010) . 14 For example, IRENA, the Renewable Energy Policy Network for the 21st Century (REN21), and Open Energy Information, the online knowledge-sharing community 15 For example, the International Partnership for Energy Efficiency Cooperation (IPEEC) and UNEP-en.lighten 16 For example, the Africa-EU Energy Partnership (AEEP), the Clean Energy Solutions Center, and the Global Village Energy Partnership (GVEP) 17 For example, Africa Biofuel Network6
issues, required to avoid dangerous and irreversible changes to the climate system, generally prevail.
At the 16th session of the Conference of the Parties to the United Nations Framework Convention on Climate Change (UNFCCC) in Cancun in December 2010, governments decided to create a new crosscutting network and an associated "centre" that will in part address LEDS issues. The mission of the so-called Climate Technology Centre and Network (CTCN) is to stimulate technology cooperation and enhance the development and transfer of technologies to developing country parties at their request. The centre is to "build or strengthen [developing country] capacity to identify technology needs, to facilitate the preparation and implementation of technology projects and strategies … to support action on mitigation and adaptation and enhance low emissions and climate-resilient development." An advisory board that answers to parties will govern the centre, which is expected to become operational in late 2013.
Despite their relevance, land use (i.e., agriculture and forestry) issues have been covered by only a few LEDS networks and platforms (CLEAN 2011a) . Agriculture releases to the atmosphere significant amounts of carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) (Klein et al. 2007; Cole et al. 1997; IPCC 2001; Paustian et al. 2004) , and annual GHG emissions from agriculture are expected to increase in coming decades due to escalating demands for food and shifts in diet as well as the increasing demand for biofuels in some countries. Some have suggested that improved management practices and emerging technologies could permit a reduction in emissions per unit of food (or of protein) produced. Given their importance, land use issues certainly deserve more attention by LEDS networks (Smith et al. 2007a) 21 . The LEDS Global Partnership has recently launched a working group on Agriculture, Forestry and Land Use that plans to address these issues and collaborate on best practices for promoting the development of the sector while reducing GHG emissions.
22
Many of the existing LEDS networks specialize in a few topics 23 , which is often appropriate for efficacy and effectiveness. This is not necessarily a fault, as in some cases, specialization is appropriate for efficacy and effectiveness. The type and the direction of information exchanged between members of the network are very important (Marx and Soares 2011) . Ideally, a network should have a two-way flow of information and enable both information sharing and knowledge creation. LEDS networks largely facilitate the transmission and sharing of information. Providing data and tools is a common area of focus across LEDS networks and platforms. Many networks also concentrate on developing best practice resources, reports facilitating peer-to-peer learning forums, or both. Knowledge creation, however, is not as dispersed as it should be. Some networks and platforms (such as the Renewable Energy and Energy Efficiency Partnership, the LEDS Global Partnership, and the Clean Energy Solutions Center (CESC)) are now focusing on knowledge creation. Launched in September of 2011, the CESC has responded to 83 questions from policymakers in 44 countries and provided 36 online trainings to 3,916 international organizations, governments and technical experts. Yet, in-depth and long-term training activities are limited, perhaps because they are more labor intensive and require greater time commitment,
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This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. and hence are more expensive. Only 30% of these networks and platforms are involved in training activities, and few activities are sustained over long periods (CLEAN 2011a) .
Activities provided by LEDS networks are considered invaluable for both adaptation and mitigation efforts. Adaptation to, and mitigation of, climate change are subject to a cascade of barriers, 24 including incomplete and imperfect information, high transaction costs, and risk aversion in financial institutions and donors. Yet, staff in resource-constrained countries often lacks education and training to manage such issues (CLEAN 2011b) . LEDS networks greatly reduce these problems by providing needed information and assistance, and facilitating decision making by relevant stakeholders. Still, more can be done if expert assistance, peer-to-peer learning and training activities are given greater emphasis.
Enhanced collaboration and cooperation of relevant stakeholders is fundamental to an effective response to climate change (PwC 2010). To ensure involvement of stakeholders, LEDS networks should provide the needed incentives, which differ according to the type of the stakeholder involved. Developing countries are interested in obtaining information, tools, resources, and capacity to embark on low emission development paths, as well as to maintain ownership of the development plans being created. Developing countries have also shown interest in intra regional and cross regional learning. Developed countries and multilateral organizations gain from participating in a LEDS network by better using their aid resources, avoiding duplication of work, and optimizing the development cooperation efforts. In addition, the knowledge, information, and best practices that LEDS networks identify, share, and foster may prove useful for the sustainable development plans of developed countries. The private sector benefits from participating in the policy design stage, as well as from the opportunity to foster innovation. By participating in networks, research and technical institutions raise their visibility, hence increasing their access to funding for their operations and improving the options for applying their research. Finally, through LEDS networks, non-governmental organizations (NGOs) and civil society might participate as consulted stakeholders in low emission development planning, and hence have an opportunity to influence such processes.
Multilateral institutions, NGOs, and technical institutions are the main actors engaged with low emission and climate-compatible development planning activities. They make vital contributions to LEDS formulation and implementation by providing technical and intellectual leadership. Evidence suggests, however, that other key stakeholders are still insufficiently engaged in LEDS networks (CLEAN 2011a), including developing country officials, high-level political leaders, and the private sector. The best interactions with these stakeholders seem to be at workshop style engagements (CLEAN 2011a). Reasons for their absence are 1) lack of awareness on the meaning of low emission development, 2) lack of effective communication on opportunities for private sector stakeholders to engage in low emission development, 3) lack of awareness on the strong linkages between low emission development and domestic development goals, and 4) the lack of awareness of the benefits of participating in LEDS networks (see CLEAN 2011b).
Political leaders often have an unclear vision of the relation between low emission development and domestic development goals. Thus, they require tools that (1) illustrate how LEDS can help 8
This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. achieve national goals, such as energy and food security and economic growth, but (2) do not retard development (CLEAN 2011b) . Despite the criticism marginal abatement cost (MAC) curves receive for their cost and carbon focus, and their omission of development goals (CLEAN 2011b; CLEAN 2011c) , these curves have helped decision makers understand the costs and opportunities of different GHG mitigation options. Nevertheless, it might prove useful to develop visualizations that communicate development benefits and contributions of LEDS initiatives to development goals, as doing so would educate key stakeholders of development benefits and enable countries to better prioritize policy actions (CLEAN 2011c; CLEAN 2011b) .
Few LEDS networks 25 seem to foster interaction between private-sector companies and investors with country government officials and technical institutes (CLEAN 2011a). However, privatesector investment is regarded as a key element of low emission and climate-compatible development planning. Dialogue between private-sector leaders and policymakers is fundamental, as it allows the policymakers to understand the regulatory, fiscal, and other hurdles companies face in achieving sustainable development (Brown et al. 2008; Sathaye 2002; UNFCCC 2005) . In addition, businesses may use their technical expertise to assist developing countries in their clean technology research and development (R&D) efforts. CLEAN (2011b) emphasizes a need for increased engagement of developing countries in LEDS networks and platforms. In the near term, adaptation is vital for developing countries as (1) they are home to the world's most vulnerable populations and societies, and (2) for the most part, they lack adequate financial and technical resources with which to respond to climate change (Sagar 2010) . It is clear that developing countries will also need to take action to slow their rapid greenhouse gas emissions growth in order to keep global warming below 2 o C. In order to keep the global average temperature below 2 o C, emerging economies as a group will need to reduce emissions by 15 to 30% by 2020 below the currently forecasted rate of growth in emissions (UNFCCC 2011). Demand for energy is growing exponentially in developing countries due to rapid population growth (especially in Africa) and rapid economic expansion (especially in China and India) (OECD 2007 , OECD 2011b . Growing demand is projected to lead to a near doubling in primary energy use, much of it unsustainable, by developing countries in the next two decades (OECD 2007) . Because of this growth, developing countries will account for 50% of primary energy use and 52% of energy related CO 2 emissions by 2030 (OECD 2007). However, developing countries often lack the necessary data and tools, as well as the proper education and training to cope with these problems, and successfully develop and implement LEDS. Further engagement of these countries in networks, will facilitate their access to technical assistance for the development and implementation of their LEDS. The engagement of developing countries in networks would also benefit the entire network by providing a developing country perspective to better align activities to countries needs.
9
Experiences of Long-standing Successful Networks across Fields
In this section, we attempt to glean lessons learned from select LEDS network precedents.
Consultative Group on International Agricultural Research (CGIAR):
In 2010, CGIAR 26 completely overhauled its governance structure to harmonize and maximize funding for priority research areas, and to simplify structures and reduce transaction costs (CGIAR 2009 (CGIAR , 2011 . The result is a more business-like partnership that links, in more binding 27 and transparent ways, donors who fund research with the scientists and others who conduct it (CGIAR 2011). CGIAR centers are united under the Consortium of International Agricultural Research Centers, a new legal entity that provides a stronger foundation for integrating research across centers and providing donors with a single point of contact (CGIAR 2011) . In addition, the CGIAR Fund was established to enable donors to harmonize their contributions toward major research initiatives (CGIAR 2011). These reforms are expected to curb the recent tendency toward fragmentary funding of dispersed research efforts (CGIAR 2011) . Given the increasing donor support of LEDS networks, it may be beneficial to implement governance structures similar to CGIAR to ensure both integrated research and harmonized funding. 30 . UNEP (2002) shows how important the influence of neighboring countries is on creation of a successful national phase-out strategy for ozone-depleting substances, 31 and how the progress initially made by some developing countries attracted their regional counterparties to join the regional network. This experience appears to suggest that regional networks are useful for enhancing the participation of developing countries, especially in cases of highly technical issues. 26 The CGIAR is a strategic alliance of countries, international and regional organizations, and private foundations supporting 15 international agricultural research centers. For more information, see http://www.cgiar.org/. 27 The central innovation of the new model is its clear definition of the mutual accountability of those who conduct research and those who fund it (CGIAR). 28 Regional networking provides a regular interactive forum for officers in NOUs to exchange information and experience, brainstorm innovative regional solutions, and enhance cooperation with developed countries as well as the regional counterparts (UNEP 2002). 29 Networking activities have resulted in improved data reporting, policymaking, refrigerant management plans, and the development of peer pressure among ozone-depleting substances (ODS) officers to take early steps to implement the Montreal Protocol. Some of the most notable results of the regional networks are accelerated ratification of the Montreal Protocol and its amendments; earlier development of national ODS legislation and other policy measures; more regular data reporting; and improved compliance with the ODS phase-out schedules. (UNEP 2007) 30 UNEP (2002) reveals that based on the subjective judgment of the national ozone officers, networking activities have exerted an important positive effect on improving the national ozone officers skills, expertise, and experience. The most significant improvements have been identified in the areas of reporting, data collection, promotion of public awareness, and the level of information relating to alternative technologies and substances. 31 Examples mentioned include Malaysia, Philippines, Laos, and the Dominican Republic (UNEP 2002).
Other Multilateral Environmental
Resource Efficient and Cleaner Production (RECP) Network
32 : The RECP network is an example of a successful sector-specific (industry) network. The RECP network model is based on the fact that the countrywide application of resource efficient and cleaner production can come about only if the concept is promoted by professionals in the country itself and adjusted by them to suit the local conditions. 33 Based on a multi-stakeholders approach, national centers are initially established as a United Nations-backed technical cooperation project and are hosted by a national industry association, technical institute, or university. Over time, the centers start generating their own revenues from service fees, become financially and administratively independent, and acquire a separate legal entity, generally with buy-in from government, business sector, and civil society. What makes the RECP network a successful 34 model are (1) its sector-specific, impact-oriented nature, and (2) a governance structure that brings together international development aid, public and private sector, which warrants ownership, financial sustainability, and responsiveness to country needs.
Opportunities for Improving LEDS Networks
In this section, we describe opportunities for improving LEDS networks based on the experiences of existing LEDS platforms and networks reviewed in Sections 3 and 4. We also offer opportunities for leveraging efforts with emerging LEDS initiatives.
Our review of network theory (Section 3) suggests a few building blocks for a well functioning LEDS network. First, identifying common interests of LEDS stakeholders and setting a clear goal for the network are vital. Based on the set goal for the network, the appropriate organizational structure and the level of formalization should be identified. Furthermore, LEDS networks should strive to develop both embedded and autonomous ties. 35 On one hand, members should repeatedly interact, develop joint problem-solving arrangements, and cooperate with one another on many issues. On the other hand, they should remain open to novel outsider information and actively communicate with similar networks. Due to the diversity of issues covered, the development and implementation of LEDS benefit from heterogeneity of ideas from stakeholders including governments, the private sector, and civil society. The complementarity of resources that heterogeneous participants provide is essential to success of the network. This is currently as far as the network theory can take us. A follow-up paper to UNIDO (Marx and Soares 2011) and case-by-case inquiry into different networks will enable us to provide 32 This is a network of National Cleaner Production Centers (NCPCs) that have been established in 47 developing and transition countries to promote, coordinate, and facilitate RECP activities. The objectives of the NCPCs are (1) to build local capacity to implement cleaner production and (2) to provide core cleaner production services at the national level. For more information, see http://www.unido.org/index.php?id=o5133. 33 The centers do not deliver ready-made solutions, but train and advise their clients on how to find the best solutions for their own specific problems. 34 Several success stories show how NCPCs led to placing RECP high on the agenda of businesses and governments by providing several essential services, including technical assistance and in-plant assessments, training, information dissemination, policy advice, and clean technology and investment promotion (UNIDO, UNEP 2010). As demonstrated by the experiences of Sri Lanka, Kenya and Peru, for example, benefits are eminent in many enterprises, regardless of sector, location, or size; they include significant annual savings, increased product quality, improvement in production efficiency, access to larger market share, and creation of new business ventures. 35 One might argue that this depends on the goal of the network. However, because our network analysis suggests that the network optimum is found in a mix of embedded and autonomous ties, we proceed with that idea.
This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. additional findings, including more about success factors, the importance of financing mechanism, and governance structure of networks.
Our review of both LEDS related networks and the experiences of those implementing LEDS programs (1) suggests that networks need to evolve to cover a wider range of regions, issues, and activities, and (2) identifies several lessons that can inform efforts to strengthen these networks and related knowledge platforms. These lessons include 36 the value of:
1. Covering adaptation and mitigation issues in an integrated manner to advance both lowcarbon growth and enhanced resiliency to climate impacts 2. Engaging a portfolio of both global and regional networks to allow for learning and exchange at both levels, recognizing that the greatest learning often happens among peers in a region 3. Developing sectoral-and topic-specific networks and platforms as much of the action is driven by sectoral development programs and existing public-private partnerships for each sector 4. Raising broad awareness and support for low emission development to enhance engagement in LEDS design and implementation across all countries and actors 5. Gaining strong buy-in and participation from developing countries along with donors and practitioners 6. Establishing close links and working relationships with the private sector given the critical private-sector role in financing LEDS projects 7. Ensuring that development objectives are an integral part of the LEDS discussion.
The effectiveness of LEDS related networks could be improved by tackling the aforementioned points but also by tapping several emerging opportunities, including:
Central Repository for Quality Tools: Aiming to facilitate climate-compatible development planning, CDKN, the Institute of Development Studies (IDS), and Ecofys recently developed (1) an analytical report (Ecofys, IDS 2011 ) containing a rigorous review of existing tools and methods to support climate-compatible development planning (thus including LEDS tools) and (2) a complementary website 37 for stakeholders to search for tools that meet their needs. Instead of examining myriad tools, LEDS stakeholders will now be able to simply select their focus area, the policy stage or stages on which they are working, and the tool type needed, to quickly find the best tool. This report complements existing LEDS toolkits such as the one developed by the National Renewable Energy Laboratory (NREL) for the U.S. government-supported EC-LEDS program 38 , which identifies a portfolio of data source, analysis tools, best practices, and related technical resources for each stage of LEDS analysis, plan development, and implementation.
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Linked Open Data:
Using LEDS-related data sets in an integrated searchable format represent another opportunity (CLEAN 2011a) . To this end, many organizations are adopting linked open data to support data integration. Linked data uses the Web to connect related data or to lower barriers to linking data currently linked using other methods. 39 Linked open data is domain-independent and penetrates various areas and domains, thus proving its advantage over traditional data management (Bauer and Kaltenbock 2012) . As linked open data facilitates innovation and knowledge creation from interlinked data, it is an important mechanism for information management and integration, which are of prime importance for LEDS networks and platforms.
Climate Technology Centre and Network: The Climate Technology Centre and Network (CTC&N) as initially envisaged by COP16 (UNFCCC 2011) represents an opportunity to facilitate expert assistance related to low emission development planning (CLEAN 2011a). Participants of CTC&N will be expected to provide information, training, and support for programs to build or strengthen capacity of developing countries to identify technology options; make technology choices; and operate, maintain, and adapt technologies (UNFCCC 2011).
Climate Innovation Centers: Development of Climate Innovation Centers
40 (CICs) (Sagar 2010 ) could prove very useful in formulating and implementing LEDS. CICs are envisaged to address the barriers that impede developing countries from transferring, developing, and deploying advanced climate technologies for both domestic use and export (Sagar 2010) . Through a wide range of functions (Sagar 2010 , Table 2 ), CICs are intended to transform the threat of climate change into an agent of technology innovation, helping tackle both global warming and sustainable development challenges in the developing world. As they would build technical, business, and policy capacity, CICs could help developing countries establish their LEDS, thus greatly facilitating the work of LEDS networks and platforms.
Marginal Abatement Cost Curves and Development Benefits:
To address several shortcomings of marginal abatement cost curves, 41 CLEAN partners have proposed a new data visualization (see Figure B -1) to communicate simultaneously GHG mitigation potential and development benefits of technology options (CLEAN 2011c). The information needed for this new communication tool can build from many LEDS efforts, and it can particularly benefit from UNEP's Multi-Criteria Analysis for Climate (MCA4climate) 42 and technology needs assessments (TNA) supported by the United Nations Development Programme (UNDP) and the United Nations Environment Programme (UNEP). The data visualization would add to the existing benefits of marginal abatement cost curves and thus facilitate the LEDS decision-making process. 39 See http://linkeddata.org/. 40 See http://www.infodev.org/en/TopicBackground.19.html. 41 See CLEAN (2011c), Ekins et al. (2011) , and Kesicki and Strachan (2011) for more information about the shortcomings of marginal abatement cost curves. 42 See http://www.mca4climate.info/.
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Increased Awareness from the Private Sector: Acknowledgement of climate change as a business risk 43 is an important stimulus for the private sector to provide its voice and constructive input to LEDS networks and knowledge platforms. The UNFCCC adaptation Private Sector Initiative highlights successful strategies that businesses and communities are using to adapt to climate change while simultaneously increasing their profits and using their resources more efficiently. The initiative provides a platform for businesses to contribute in a sustainable and profitable manner to a strong and effective response, both in their own adaptation efforts and, importantly, in those of the most vulnerable countries and communities around the world.
In Section 4, we identified several general lessons for improving the scope, design, and operations of LEDS related networks and platforms. These lessons could be shared with managers and participants of these networks for their consideration and for further review and refinement. A more in-depth, case-by-case inquiry into LEDS networks would enable a more detailed assessment and development of tailored recommendations for strengthening the various types of LEDS networks and platforms. UNIDO is developing a questionnaire that will further define success factors that improve the functioning of LEDS networks.
Tables A-1 through A-5 show network and knowledge platforms by topic, geographic area, and type of activity.
This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 
Appendix A. Network and Knowledge Platform Data
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